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GRANULOMA FORMATION IN NORMAL GUINEA PIGS INJECTED 
INTRADERMALLY WITH ALUMINUM AND ZIRCONIUM COMPOUNDS 
J . L. TURK, M.D. , AND DARIEN PARKER, PH .D. 
Department of Pathology. R oyal College of Surgeons of England, London. England 
Guinea pigs were injected intradermally with 5 mg, 0.5 mg, and 0.05 mg of the following 
compounds: zirconium carbonate (ZrC0:1) , aluminum chlorhydrate (ACH), and zirconium 
aluminum glycine complex (ZAGS). or 6.5 mg, 0.65 mg, and 0.065 mg of aluminum hydrox-
ide (Al(OHh). in 0.1 ml of saline. Al(OH)a produced measurable granulomas with the 6.5-mg 
and 0.65-mg doses; those produced by the 6.5-mg dose persisted for over 28 days. No increase 
in skin thickness was detected with ZrC03 • Histologic examination of the Al (0H l:1 granu-
lomas revealed large undifferentiated macrophages and occasional giant cells surrounding 
the area containing the injected material. There was little evidence of infiltration with other 
inflammatory cells and no evidence of fibrosis. although there was always some degree of 
central necrosis. While ZrC0:1 induced no measurable granulomas. the injection site usually 
contained a small collection of macrophages that had ingested crystalline material. 
Both ACH and ZAGS produced increases in skin thickness even at the 0.05-mg dos. This 
began 14 days after injection, and reached a maximum at 21 days. Histologically. the lesions 
showed granulomas which consisted of shredded bundles of intensely basophilic collagen, 
which also stained with Weigert's elastic stain. This area contained many giant cells and 
histiocytes, which were markedly pleomorphic, strongly hyperchromatic. and occasionally 
phagocytic. This process was succeeded by intense fibrosis. The changes in collagen could be 
the same as those seen in senile elastosis. 
Granuloma formation in tissues following the 
introduction of colloidal alum-precipitated pro-
teins is the basis for the use of these compounds as 
adjuvants in the immune response [1]. In addition, 
it is known that certain aluminum compounds can 
be extr emely toxic on inhalation and result in the 
development of severe and fatal pneumoconiosis 
12). 
In previous studies [3] , we have observed the 
formation of local granulomas in guinea-pig skin 
following the intradermal injection of aluminum-
precipitated guinea-pig albumin or colloidal alu-
minum hydroxide (Al(0H l:1l. These granulomas 
consisted of aggregations of undifferentiated mac-
rophages which tended to drain down the local 
lymphatic to the regional lymph nodes where they 
induced a local collection of macrophages in the 
immediate subcapsular zone. 
As there appear to be few direct and quantita-
tive data on the local toxic effect of nonferrous 
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metals in the skin. the present investigation was 
designed to compare the rate of development of 
granulomas in the skin caused by AHOH l:1 and to 
see whether similar granuloma formation oc-
curred with zirconium carbonate tZrCOal. In addi-
tion, further comparison was made with the gran-
ulomas formed by two other aluminum-containing 
compounds- aluminum chlorhydrate tACH J and 
zirconium aluminum glycine complex (ZAGSJ-
both of which have recently been used as antiper-
spirants. 
MATERIALS AND METHODS 
Animals . Outbred Hartley-strain guinea pigs t400 
gm initially) were used from a colony kept at the Royal 
College of Surgeons or purchased from Messrs. A. Tuck 
and Sons Ltd .. Rayleigh, Essex. Animals were fed on a 
pelleted diet RGP (E. Dixon and Sons. Ware. HertsJ 
a nd given water and cabbage ad libitum. 
Metal compounds . Aluminum hydroxide was ob-
tained from Hopkin and Williams, Chadwell Heath, 
Essex. Zirconium carbonate was obtained from Magne-
sium Electron Ltd., Clifton Junction, Manchester; alu-
minum chlorhydrate and zirconium aluminum glycine 
complex from P rocter & Gamble, Cincinnati. All com-
pounds were analyzed and confirmed for metal content 
by Dr. A. Wolstenholme of British Aluminum Com-
pany, Research Laborator ies, Chalfont Park, England. 
ln)ectwn protocols . Each experiment contained ini-
tially at least 35 animals which were injected intrader-
mally at 3 sites into the shaved skin with 0.1 ml of3 10-
fold dilutions of the metal compound in physiologic 
saline. The skin thickness fold around the injection site 
was measured using a Schnelltii.ster (Kroplin A02T) at 
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1 day and then weekly for 4 months. Five animals were 
killed at 1, 2, 3, 4, and 6 weeks and skin of the 3 
injection sites was taken for histologic examination. 
The doses of colloidal A](OH)a were 6.5 mg, 0.65 mg, 
and 0.065 mg. ZrC03 suspension was injected in a dose 
of 5 mg, 0.5 mg, and 0.05 mg. Solutions of ACH and 
ZAGS were also injected in concentrations of 5 mg/0.1 
ml, 0.5 mg/0.1 ml, and 0.05 mg/0.1 mi. 
Tissues taken for histologic examination were fixed 
in Bouin's solution and stained with hematoxylin and 
eosin, Weigert's elastic tissue stain counterstained with 
VanGieson's stain, phosphotungstic acid hematoxylin. 
and reticulin stains. 
RESULTS 
Aluminum Hydroxide and Zirconium Carbonate 
Time course o{granuloma formation. As can be 
seen from Figures 1 and 2, the two higher concen-
trations of Al(0Hl:1 {i.e., 6.5 mg and 0.65 mg) 
produced a marked increase in skin thickness. 
This persisted, with the 6.5-mg dose, beyond 28 
days. However, the increase in skin thickness pro-
duced by the 0.65-mg dose had disappeared by 28 
days. Only a small increase in skin thickness was 
seen when 0.065 mg of AI COHl:~ was injected. At no 
time was it possible to detect any increase in skin 
thickness with the 3 conrentrations ofZrt::Oa used. 
H Lsiologic appearances. The granulomas in-
duced by A)(OHl:c consisted of large undifJeren-
tiated macrophages and occasional giant cells sur-
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Fw. 1. Time course of skin granuloma development 
with 6.5 mg aluminum hydroxide CQ-0) and 5.0 mg 
zirconium carbonate <• --• ). 
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FIG . 2. Time course of skin granuloma development 
with 0.65 mg aluminum hydroxide (0 --0 ) and 0.5 mg 
zirconium carbonate <•--• ). 
rounding the area containing the injected material 
and infiltrating around the particles of gel (Figs. 
3, 4). Little difference was seen in the granulomas 
at the higher dose and the lower dose, or between 7 
and 28 days. There was little evidence of infiltra-
tion with lymphocytes, although some polymor-
phonuclear leukocytes could be seen. There was no 
evidence of peripheral fibrosis although, with the 
highest dose, there was always some central ne-
crosis. 
The granulomas induced by ZrC0:1 that could 
not be observed macroscopically consisted of a 
small collection of macrophages that had ingested 
cystalline material (Figs. 5, 6). An occasional 
giant cell was seen. However, there was no evi-
dence of fibrosis and the macrophages remained 
undifferentiated with no other cellular infiltrate. 
At no time were epithelioid cells seen. At 28 days, 
the only macrophages remaining were those that 
had ingested crystals of the material . As well as 
the quantitative difference in the size of the gran-
ulomas, the main difference in histologic appear-
ance between these two granulomas had a particu-
larly swollen appearance, whereas those in the 
zirconium lesions did not show this effect. 
Aluminum Chlorhydrate and Z1rconium 
Aluminum Glycine Complex 
Timeeourseofgranulomaforma!IOn. With both 
these compounds, there was an initial increase in 
skin thickness measurement at 24 hr (Figs. 7, 8). 
This was maintained with the 0.5-mg injection for 
FIC . 3. Edge of 7-day granuloma induced by 0.065 mg 
aluminum hydroxide (hematoxylin & eosin; x 150l. 
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FIG. 4. Twenty-eight-day granuloma induced by 
0.065 mg aluminum hydroxide (hematoxylin & eosin; x 
150l 
FIG. 5. Seven days after intradermal injection of 5.0 
mg zirconium carbonate <hematoxylin & eosin; x JOO l. 
21 days, after which it began to rise steeply, reach-
ing a peak at 49 days. With the lower dose, the rise 
started earlier, at 14 days, reaching a maximum at 
21 days. The lesions produced by ACH were consis-
tantly larger than those produced by ZAGS. Char-
acteristically, at maximum intensity, the lesion 
was a disklike area of dermal hardening with a 
superficial area of loss of hair. There was also a 
central area of epidermal necrosis and scab forma-
tion, particularly evident in the lesions at 6 weeks 
and with the 0.5-mg dose. At no time were the 
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F IG. 6. Twenty-eight days after intradermal injection 
of 5.0 mg zirconium carbonate. Residual macrophages 
containing crystals below panniculus carnosus (hema-
toxylin & eosin; x 100!. 
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FIG . 7. T1me course or skm granuloma development 
with 0.5 mg ZAGS <• - - • > and 0.5 mg ACH!O--Ol. 
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FIG. . Time course of skin granuloma development 
with 0.05 mg ZAGS <•--• > and 0.05 mg ACH <0-
0 >. 
lesions erythematous. Lesions produced by the 50-
J.I.g dose resolved after 2 months, while those pro-
duced by the 500-J.t.g dose persisted for over 3 
months. 
Histologu· appearances . The earliest change, 
seen at 1 week after injection with 50 J.l.g ACH or 
ZAGS, was a degree of shredding of the collagen . 
This was associated with a modestly scatt,ered his-
tiocytic infiltration. These histologic changes at 
the injection site continued, with further degener-
ation of collagen which reached its maximum 3 
weeks after injection (Figs. 9, 10). At this time, the 
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FrG. 9 . . Twenty-one-day granuloma induced by 0.05 
mg alummum chlorhydrate (hematoxylin & eosin· x 
100). ' 
FIG. 10. Twenty-one-day granuloma induced by 0.05 
mg zirconium aluminum glycine complex (hematoxylin 
& eosin; x 100). 
appearance was of a granuloma, throughout which 
there were shredded bundles of intensely baso-
philic collagen. Interspersed among thes~ there 
were scatter ed giant cells and histiocytes. In the 
center of the lesion, there was frequently an area 
of necrosis with intense local collections of poly-
morphonuclear leukocytes. The histiocytes and 
giant cells were markedly pleomorphic and 
strongly hyperchromatic. On occasion, giant cells 
were seen which gave the appearance of having 
engulfed the damaged collagen bundles. In addi-
tion, the damaged collagen was shown to stain 
brown with Weigert's elastic stain. Reticulin stain 
showed that new collagen was beginning to be 
formed at the same time. The granulomas had ill-
defined edges and were found to infiltrate the 
surrounding normal collagen and down into the 
panniculus carnosus. 
At 4 weeks, a simila r pattern was seen, al-
though the appearance of the granuloma was less 
disordered and the histiocytes less pleomorphic 
and hyperchromatic. The last histologic sections, 
taken at 6 weeks, showed continued development 
of this process. There was also a marked erosion of 
the epidermis from below, and silver staining 
showed a proliferation of newly developed reticu-
lin fibers, indicating a progression of the fibrotic 
process. No differences could be detected between 
the lesions produced by ZAGS and ACH . 
DISCUSSION 
Aluminum hydroxide injected intradermally 
produces a severe and persistent granuloma in the 
skin of guinea pigs. Histologically, this granuloma 
has the appearance of a nonallergic reaction, as 
the macrophages appear undifferentiated and 
there is little infiltration with other inflammatory 
cells. In previous studies 13], it was noted that the 
macrophages were enlarged and acid phosphatase 
stain indicated that they contained enlarged glob-
ular and well-delineated lysosomes. This appear-
ance was thought to indicate that Al(OHla was 
having a direct toxic effect on these cells, and it 
was also suggested that macrophages that had 
ingested colloidal Al(0Hl,1 were more adhesive 
and less mobile in the tissues. It is unlikely that 
the changes observed were due to any gross 
change in pH, as the pH of the so] uti on injected 
was around 6.0 (the pH of the distilled water used 
in preparing the physiologic saline for the suspen-
sion). 
ZrC0,1 induced a microscopic granuloma consist-
ing of macrophage infiltration only. However 
there was no measurable macroscopic lesion. The 
macrophages found were limited to a small area 
containing the crystalline material. They showed 
no signs of toxic changes. It would thus appear 
that ZrCO:c, in comparable concentration, does not 
produce the same degree of local tissue damage as 
the aluminum compound. 
The overall appearance of the granulomas pro-
duced by ACH and ZAGS was that associated with 
a high degree of damage to the collagen in the area 
where the compound had been injected. The de-
generative changes in the collagen which led to 
the basophilic staining with hematoxylin and 
eosin and brown staining with Weigert's elastic 
stain were similar to those seen in ''senile elasto-
sis." These changes have been reproduced in vitro 
by treatment with collagenase or following incu-
bation of whole dermis in borate buffer. pH 8.5, at 
37"C 14]. These authors associated these changes 
with a release of hydroxyproline from the protein. 
It is therefore suggested that the effect of ZAGS 
and ACH is initially to produce these elastotic 
changes in the collagen fibers at the site of injec-
tion. This then leads to an intense histiocytic reac-
tion to remove the damaged and degenerate colla-
gen. The intense inflammatory reaction is caused 
by inftltration of large numbers of hyperactive 
macrophages and giant cells leaking hydrolytic 
and other enzymes into the surrounding tissues. 
The lesion observed macroscopically is an area of 
fibrosis that develops as a healing process subse-
quent to, and as part of, the intense granuloma 
found histologically. As similar lesions are found 
with ZAGS and ACH, it is probable that these are 
340 TURK AND PARKER 
due to the aluminum-containing moiety and bear 
little relation to the zirconium component of the 
compound. This view would also be consistent 
with the relatively low toxicity of zirconium car-
bonate. 
The means by which these compounds produce 
the degenerative changes in collagen must be con-
jectural. However, it could be that the aluminum 
component is directly cytotoxic to macrophages, 
causing them to release collagenase and other en-
zymes into the surrounding tissues [5]. 
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